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Rate of Recombination f J~ons in Gases. 211 
doubt whether the saturation current gives a measure of Q. 
I think it gives a measure of the excess of the rate of pro- 
duction of ions over the rate of recombination ; and I see no 
reason ibr assuming that the latter is negligible. It is equal 
to aN, ~, where N~ is the nmnber of ions per unit volume when 
the steady state, with the saturation current passing, is reached. 
It certainly cannot be zero, and may be comparable with Q. 
In conclusion I should like to express my great obligation 
to my colleague Mr. James Gray, for his kindness in revising 
the tedious arithmetical calculations. 
Physical Laboratory, 
The University, Glasgow. 
25th March, 1904. 
XXII .  Reply to Mr. G. W. Walker's Paper on the "Rate of 
Recombination of Ions in Gases." By R. K. McCLusG, 
M.A.~ Trinity College, Cambridge ~. 
T HROUGH the courtesy of Mr. Walker I am enabled to make a reply to the criticisms of my experiments on 
the rate of recombination f ions contained in his paper, which 
appears in the present number of this Magazine. These 
criticisms are evidently due to a want of knowledge of the 
exact conditions under which the experiments, described in 
my paper, were made, and the relation of the different expe- 
ments to one another. I am very sorry that Mr. Walker has 
wasted so much valuable time in making what must have 
been such very tedious arithmetical calculations, for the 
numbers obtained by him are quite valueless~ and consequently 
the criticisms based upon these numbers are quite beside the 
mark. 
Although at the beginning of his paper he mentions three 
of my papers which have appeared in the Philosophical 
Magazine, yet he confines his criticisms to the one on the 
effect of pressure ou the rate of recombination f ions. I 
shall therefore also confine my remarks to the experiments 
described in that paper. 
In the first place, Mr. Walker makes the following state- 
ment in the first part of his paper :--" In testing the formula (1) 
it appears to me that he assumes the relation between Ni, N, 
and t to be of the same form as (1). This, as i shall show~ is 
not the case in his experiments. It would be true if the beam of 
rays were cylindrical." In deriving formulae (1) and (2) no 
assump[ion whatever is made as to the shape of the beam of 
* Communicated by the Author. 
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212 Mr. R. K. McClung on tl, e Rate  o f  
rays or the volmne of the gas ionized. These formulm are 
quite general, and are independent of any such consideration; 
and I cannot therefore see his point in regard to the shape 
of the beam of rays, or how it affects the question under 
consideration. 
Mr. Walker takes the curves which I gave in my paper on 
pp. 293-295, and calculates from them values for ~,  and also 
for a by different formula, and finds discordant results. I 
am not at all surprised that he does so. To make such a 
determination and criticism of any value it is necessary 
to ascertain what relation the experiments, from which 
these curves were obtained, bear to one another~ and in 
how far the comparison of them is justifiable. As a matter 
of fact, the experiments described in my paper extended 
over a considerable time, and the curves given there were 
nearly all obtained at separate times. Each curve was an 
entity in itself, and bore no special relation to any of the 
other curves. The electrometer used in these experi- 
ments was one whose sensitiveness varied from day to day. 
Each curve involved an entirely separate set of experi- 
ments made for the sole purpose of showing that at that 
particular pressure the law of recoinbination was represented 
by the formula 1 _ 1__ _--at. This was the only purpose for 
?It Tt 0 
which these curves were intended, and I think under the 
conditions the only legitimate one to which they may be put. 
No particular precautions were taken to keep such conditions 
as the sensibility of the electrometer the same in the different 
cases, nor were the experiments intended to be compared with 
one another. Conseqtlently any comparison between the 
values of a obtained from the different curves is quite 
valueless, and no conclusion can be drawn from it. These 
remarks apply also to the values given in the last column of 
Mr. Walker's second table ; for, although they were not 
obtained directly from the curves, they were derived from 
observations taken at the same time as the observations for 
the curves. 
In addition, these curves are quite unsuitable, especially at 
low pressures, for the purpose of making absolute determi- 
nations as :Mr. Walker has done. Theoretically forinulm (4) 
and (5) are all right, but in actual experiment they are quite 
unsuitahle for making absolute determinations. The intensity 
of the rays is an important factor here. Mr. Walker says in 
his paper that he does not see how the intensity of the rays 
can affect he determination of a. He says : " I f  the theory, 
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Recombination of Ions in Gases. 213 
as proposed, is correct, the values of a, whether obtained from 
(3) or from the relation between ~t and N, must be the same 
and quite independent of the intensity of the rays, provided 
that the intensity is the same for any one determination f N 
and Q;" and, he might have added, of :Nt and N. I admit 
that the determination f a ought not to be affected by the 
intensity of the rays so long as the intensity remains constant 
during the measurement of all the quantities involved ; but 
suppose the intensity of the rays when determining Nt is 
different from the intensity when determining 5[, then" the 
variation certainly would affect he result. Formalin (~) and 
(5)7 which Mr. Walker used in determining aN and aQ, involve 
the quantity k which depends upon t, which in turn depends 
upon Nt. Now suppose that at any point in the experiments 
necessary for one of these curves, which involved a long 
series of readings, the intensity of the rays should slightly 
increase and maintain this increased intensity for the re- 
mainder of the curve, then the curve would become slightly 
too flat, and the value of t obtained from it for any given 
value of Nt might be; especially at the lower pressures, 
considerably too large. The value of k thus obtained would 
be smaller than the true value of ~. corresponding to N. This 
would of course cause a much greater error in formula (5), 
since ~ appears in the second power instead of the first. This 
is quite apparent in the values obtained by Mr. Walker; for 
the values of aQ are all still farther from the true value than 
those for a~. 
These two methods of determining a also involve the 
absolute measurement of a very short time t with considerable 
accuracy, to do which elaborate precautions are necessary. In 
my experiments I do not claim to have attained this necessary 
accuracy in the measurement of the time intervals. The 
relative value was of more importance than the absolute 
value. 
Besides this, since these methods of determining aN and 
aQ involve Nt, it means the measurement of much smaller 
effects than in the case of N and Q. One of the great diffi- 
culties of the experiment was to obtain an apparatus to give 
large effects for measurement so that the results would be 
more reliable. The results from the formula which I used 
involving Q and N are, since N and Q are large, much more 
to be relied upon than those which depend upon the deter- 
mination of smaller quantities. 
Besides these facts; Mr. Walker has made his determinations 
of ~ by all three formulm in every case from single isolated 
experiments. As any one who has ever had any experience 
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214 Rate of Recombination of Ions in Gases. 
with measurements of ionization by RSntgen rays knows, a 
single experiment can very rarcly~ if ever~ be depended upon 
for an accurate absolute determination of a quantity. In 
making my determination of a I made a large number of 
experiments, and the value which I gave in my paper was the 
mean value obtained from about nine different experiments 
which gave fairly consistent results. I think the accuracy of 
my method and the absolute value obtained is pretty well 
confirmed by the close agreement of this value with those 
obtained by Prof. Townsend* and M. Langevint. Prof. 
Townsend obtained the value 3420 e and M. I.angcvin the 
value 5200e, while the result of my experiments gave the 
value 3384 e, where e is the charge on an ion. These three 
values were obtained by entirely different methods, and 
considering the experimental difficulties involved, the agree- 
ment is remarkably good; and I think it leaves little room 
for doubt in regard to these being very near the true value 
of  Ct. 
Again, in regard to the dependence of a upon pressure, it
appears to me that he method which I adopted for comparing 
a at the different pressures i a far more definite and reliable 
one than that which Mr. Walker proposes. In my com- 
parison of a at any two pressures, as described on pp. 297- 
298, the measurements were made within a comparatively 
short interval of time, and all the conditions were kept as 
nearly constant as possible; while Mr. Walker's method 
involves/he comparison of entirely independent experiments 
which extended over an interval of :about ten days, and in 
which no precautions whatever were taken to keep the con- 
ditions constant from day to day. I cannot see why he 
discards my method in preference to the other. 
In.preparing his third table of numbers he has again fallen 
into the error of comparing independent experiments which 
have no particular connexion with one another, without having 
all the necessary data at his disposal. Mr. Walker has appa- 
rently ignored the fact that to compare the values of ~ one 
must know the capacity of the apparatus unless it remains 
constant throughout. In the experiments an adjustable con- 
denser was used in parallel with the main apparatus; and as 
it was only my purpose to compare the observations for one 
pair of experiments, uch as in A, the capacities were not 
known for this lot of experiments. All that concerned me in 
~, Phil. Trans. Roy. Soc. A, p. ]57 (1899). 
r Thhse prdsentde it la .Facult5 des Sciences, p.151. !Jarls, 1902, 
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taking these observations was that these capacities were 
unaltered uring the time of any one comparison. Conse- 
quently any comparison of the readings in the different sets 
A, B, C, &c., is quite absurd, and of no value whatever. 
Mr. Walker seems to think that I tried to prove from the 
results given in my paper that Q was proportional to the 
pressure. In regard to this I might state that I made no 
such statement in that paper, nor drew any such conclusion 
from the results given there. This question has been inde- 
pendently investigated by Prof. Perrin ++ and by Rutherford 
and McClung t;  and I would refer Mr. Walker to the papers 
where these xperiments are described. I might also remind 
him that there is the question of secondary ionization from 
metals coming in here, especially at low pressures. 
I hope, therefore, that the above remarks will set aside all 
doubts iu Mr. Walker's mind as to whether the theory of 
recombination is supported by experiment. In regard to the 
que~tion as to whether the saturation-current gives a measure 
of Q, I might just remind him what is meant by saturation 
current. By saturation current we mean the current pro- 
duced by all the ions in the gas reaching the electrodes 
under the influence of the electric field before they have had 
time to recombine. Q is the total number of ions in the gas ; 
therefore I cannot see how the saturation current can be 
anything else than a measure of Q. 
Cavendish Laboratory, Cambridge. 
May 20th, 1904. 
XXII I .  On a simple Graphical Method of treating the Impact 
of ~S'mooth Elastic Spheres. By Q~ARLES It. LEES, D.Sc.$ 
A S the methods of teaching mechanics are being discussed at the present time, it seems worth while to call the 
attention of teachers to a geometrical method of treating the 
impact of smooth elastic spheres which is so simple that it 
has probably occurred to many, although there is no 
mention of it in any of the text-books with which I am 
acquainted. 
The diagram of velocities may serve as a basis for graphical 
methods, but they are not so compact as those based on the 
diagram of momenta, since momentum is conserved on impact. 
The following method epends on the diagram of momenta. 
+~ Annales de Chlmie t de ~hysique, xl.p. 496 (1897). 
t Rutherford and MeClung, Phil. Trans. A, cxevi. (1901). 
:~ Communicated by the Author. 
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